INTRODUCTION
Using a carrier system located in the membrane, D-glucose and several other hexoses readily enter human erythrocytes. Recent studies ofthis system have suggested that subunits of the carrier protein are located in the area designated as zone 4.5 on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)1 (1) (2) (3) . The erythrocytes ofmost newborn mammals also have the capacity to facilitate the transport of glucose, but in some species the permeability of erythrocytes to glucose is rapidly lost with maturation (4, 5) . This developmental loss of glucose transport provides us with an opportunity to compare the changes in membrane proteins to the loss ofcapacity to transport glucose. We have chosen the guinea pig as a convenient experimental animal in which to carry out such investigations. ). Blood from guinea pigs was collected in 1 mg EDTA/ml and was freed ofleukocytes and platelets by passing through a small column ofa-cellulose microcrystalline cellulose (6) .
Estimation of the glucose permeability. The erythrocytes were washed three times with 0.128 M sodium chloride solution containing 14 mM Na2HPO4 and 6 mM NaH2PO4. 1 ml of erythrocytes was added to 9 ml of 300 mM D-glucose in the same buffer containing 0.35 ,uCi 25I-albumin/ml. The suspensions oferythrocytes were incubated at 25°C and samples were removed at intervals and centrifuged 1,000 g for 5 min in microhematocrit tubes. The glucose concentration of perchloric acid extracts from the pellets was estimated enzymatically using the hexokinase system (7) . Correction (9) , and Kasahara and Hinkle (1), with slight modifications. This procedure removed spectrin and other extrinsic proteins from membranes. The pellet was incubated with 0.5% Triton X-100, Rohm and Hass Co. (Philadelphia, Pa.), in 10 mM Tris-HCl, pH 7.4, for 20 min at 4°C, and centrifuged at 100,000 g for 1 h at 4°C, as reported (1) . The Triton extract containing -5 mg of protein, was applied to a 1.2 x 10-cm DEAE-cellulose column previously equilibrated with 0.5% Triton X-100 in 50 mM Tris-HCl, pH 7.4. The column was eluted with 20 ml of the same buffer. The eluate representing partially purified 4.5, was concentrated using an Amicon PM 10 filter. Triton X-100 was removed using Bio-Beads SM-2 (10). Reconstitution and assay ofglucose uptake system. Membrane extracts (56-310 ,ug) that had been freed ofTriton X-100, were reconstituted in liposomes in a total volume of 1 ml according to the method of Kasahara and Hinkle (1). Glucose uptake was measured at 25°C for 1 min. The assay system con-tained 47.5 ,ul of the reconstituted liposomes in 10 mnM Tris-HCI, pH 7.4, containing 2 mM MgC12 and 2.5 ,ul of 1
Analytical methods. Protein concentrations wvere estimated by the method of Lowry et al. (11) with bovine serum albumin as a standard. SDS-PAGE was performed according to the methods of Fairbanks et al. (9) . Gels stained with Coomassie Blue were scanned at 550 nm using a Gilford spectrophotometer, Gilford Instrument Laboratories, Inc. (Oberlin. Ohio) and the quality of protein in each band was estimated bv weighing cut out portions of the scanning pattern.
RESULTS
Effect ofage on glucose penetration into initact e-ythrocytes of guinea pigs. The rate of penetration of D-glucose was estimated with erythrocytes from guinea pigs aged from 1 d to 7 mo. As shown in Fig. 1 To examine these changes in greater detail, extriisic ghost protein.s that occupy bands one, two, five, and six were largely removed from ghosts by treatment wvith 0.1 mM EDTA followed by 0.5 M NaCl as described inl
Methods. Fig. 3 shows the electrophoretogi-ain of suich treated ghosts at each age. The decrease of zonie 4 5 during maturation is apparent.
Purification ofzone 4.5. The EDTA-NaCl extracted ghosts were incubated with 0.5% Triton X-100 and the solubilized fraction in Triton X-100 was fuirther purifie(d on a columnn of DEAE-cellulose as indicated in MNethodKs. The DEAE-cellulose column eluate obtained from erythrocyte membranes from 7-mo-old guinea pigs contained only about 0.5% of the total ghosts protein, whereas 4.3% of the protein from erythrocyte membranes from newborn guinea pigs appeared in this fraction. A single major band was found on electrophoretogram of SDS-PAGE ofpooled fractions from the column (Fig. 4) . The result obtained closely resembles that described for human erythrocytes (1, 2). Reconstitution in liposomes and assay of glucose transport system. Table I The loss of permeability of guinea pig erythrocytes to glucose could be caused by the development, in postnatal life, of: (a) erythrocytes in which glucose could not reach a normal glucose carrier; (b) a "glucose carrier" that had lost its affinity for D-glucose; or (c) absence of the glucose carrier protein. The first of these possibilities was eliminated by our finding that although liposomes prepared from Triton extracted newborn cells could preferentially take up D-glucose, no such binding was observed when Triton extracts from adult erythrocytes were used. The actual disappearance of the glucose carrier molecule was demonstrated by showing that the quantity of proteins in zone 4.5, the region of the electrophoretic pattern that manifests glucosebinding characteristics (1, 2) , diminishes markedly with maturation of guinea pigs. Lesser decreases were observed in bands seven and eight. It is of interest that band seven is present in partially purified glucosebinding extracts of human erythrocyte membranes (1).
Our studies not only serve to indicate that the loss of glucose transport capacity of guinea pig erythrocytes during maturation is caused by the loss of the glucose carrier protein, but support earlier studies that suggest that the subunits of the transport of protein are found in zone 4.5 of the SDS-PAGE protein pattern of erythrocytes membranes.
